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(57) Abstract 

A system (10) for internal fixation of bone includes a fixation plate (12) having a number of bores (18) therethrough, a corresponding 
number of screws (14) each having an enlarged head portion (20) and an elongated shaft portion (22) defining bone engaging threads (25) 
and a non-threaded portion (42) between the head and threaded portions (20, 25), and a corresponding number of screw anti-back out 
members (16) each having a bore (45) therethrough. The screw anti-back out members (16) are positioned within the bores (18) of the 
fixation plate (12) and are initially sized to slidingly receive an elongated shaft (22). The screws (14) are advanced through the plate bores 
(18) and screw anti-back out members (16) so that the fixation plate (12) is secured to the bone with the bores (45) of the screw anti-back 
out members (16) surrounding a non-threaded portion (42) of the shafts (22). The system (10) is thereafter heated sufficiently to shrink 
the bores (45), thereby trapping the non-threaded portions (42) of the screw shafts (22) between the fixation plate (12) and the threaded 
portions (15). 
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APPARATUS FOR PREVENTING SCREW BACKOUT 
IN A BONE PLATE FIXATION SYSTEM 

Field of the Invention: 

The present invention relates generally to systems for 
securing a fixation plate to bone, and more specifically to 
such systems including a mechanism for preventing screw 
backout . 

BACKGROUND OF THE INVENTION 

Within the last decade, the use of fixation plates for 
the treatment of spinal disorders or for fusion of vertebrae 
has grown considerably. While early procedures using 
fixation plates were generally restricted to long bones and 
lower lumbar levels of the spine, such fixation plates have 
recently found applications in other bone instrumentation 
such as in instrumentation of the cervical spine. Successful 
spinal instrumentation in this region is particularly 
difficult given the problems of safely accessing the 
instrumentation site- 
One typical example of a bone fixation plate is provided 
with a plurality of bores therethrough. A corresponding 
plurality of fastener members, typically bone screws having a 
headed portion and an elongated threaded shaft extending 
therefrom, are provided to secure the plate to a bone, or 
bones, to be fixated. The bone screws are advanced into the 
corresponding plate bores and then into the bone itself. The 
screws are then firmly tightened to thereby secure the plate 
to the bone. 
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A common problem associated with the use of such fixation 
Plates, regardless of their location, is the tendency of the 
bone screws to "back out" of the underlying bone under the 
stress of bodily movement. This problem is particularly 
prevalent in areas of high stress such as, for example, the 
spine. Given the delicate nature of the spine, any fixation 
Plate movement post-operatively may not only frustrate the 
surgical goals, but may also raise genuine patient safety 
concerns. 

Designers of such bone fixation systems have employed 
various techniques in an attempt to overcome the foregoing 
problem. For example, U.S. Patent No. 5,364,399 to Lowery et 
al., assigned to the assignee of the present invention, 
discloses an anterior cervical plating system incorporating a 
locking screw which engages the heads of bone screws to 
secure the cervical plate to the vertebra. The locking 
screw, positioned above the bone screws, provides a rigid 
fixation of the screws to the plate wherein the heads of the 
bone screws are either flush with, or recessed below, the 
upper surface of the plate. 

As another example, U.S. Patent No. 5,275,601 to 
Gogolewski et al. discloses a self-locking bone fixation 
system wherein the heads of the bone screws are frusto- 
conical in shape and have a directionally corrugated outer 
surface. Each bore in the fixation plate has a 
complementarily corrugated inner surface and is similarly 
frusto-conical in shape. As the screws are advanced through 
the corrugated bores and into the underlying bone, the 
direction of corrugation permits the heads to be received 
within the corresponding bores, while inhibiting rotation of 
the screws in an opposite direction. 

As a further example, U.S. Patent No. 5,269,784 to Mast 
discloses a threaded screw nut for use with a bone fixation 
system wherein the screw nut is partially insertable into a 
bore of the fixation plate from the underside thereof, and 
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threadingly engages a portion of the bone screw to thereby 
secure the bone screw to the fixation plate. 

As a final example, U.S. Patent No. 4,484,570 to Sutter 
et al. discloses a bone fixation system wherein the heads of 
the bone screws are hollow and expandable. After the 
fixation plate is secured to the underlying bone via the 
hollow head bone screws, set screws are advanced into the 
hollow heads to expand the heads and thereby secure the heads 
to the fixation plates. 

All of the foregoing prior art systems suffer from 
several undesirable drawbacks. First, the addition of 
intricately machined componentry makes most of these systems 
expensive and difficult to manufacture. Second, since some 
of these prior art systems rely on a threaded connection to 
maintain the bone screws in a secure position, such locking 
systems are still subject to the problem of screw back out 
and may therefore be unreliable. Finally, most of the 
foregoing systems, by their nature, result in an increased 
profile or bulk which, in many surgical applications, is 
undesirable. What is therefore needed is a bone fixation 
system including a mechanism for preventing screw backout 
without increasing the profile or bulk of the fixation 
system. Such a system should ideally be easy and inexpensive 
to manufacture. 
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SUMMARY OF THE INVENTION 

The bone fixation plate system of the present invention 
addresses and overcomes the foregoing drawbacks of prior art 
systems. In accordance with one aspect of the present 
invention, a bone fixation apparatus comprises a bone 
fixation plate having a bottom surface adapted to engage a 
Portion of the bone being fixated, an opposite top surface 
and a bore defined therethrough, a bone screw having an 
elongated shaft and an enlarged head portion engaging the 
bore at the top surface of the plate when the shaft extends 
therethrough, wherein the shaft defines a first diameter 
non-threaded portion adjacent the head portion and bone 
engaging threads remote from the head portion, and an annular 
locking collar substantially surrounding the non-threaded 
portion of the bone screw shaft. The collar has an initial 
inner diameter greater than the second diameter of the 
elongated shaft. The collar is formed of a material such 
that the inner diameter shrinks in response to a change in 
temperature thereof to a final diameter smaller than the 
second diameter to thereby trap the collar between the head 
portion and the second diameter bone engaging threads of the 
bone screw. 

In accordance with another aspect of the present 
invention, an apparatus for preventing a fastener from 
backing out of a fixation member bore is provided in 
combination with a fixation system including a fixation 
member having a top surface, a bottom surface and a bore 
defined therethrough, and a fastener having an elongated 
shaft and a headed portion engaging the bore at the top 
surface of the fixation member when the shaft extends 
therethrough. The apparatus comprises an annular collar 
having an initial inner diameter deformably sizable to 
slidingly receive the elongated shaft therethrough. The 
collar is formed of a material such that the inner collar 
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diameter shrinks to a final diameter in response to a change 
in temperature thereof to thereby prevent the fastener from 
backing out of the fixation member bore. The collar further 
has an outer diameter sized to engage the bottom surface of 
5 the fixation member. 

In accordance with a further aspect of the present 
invention, a method for securing a fixation plate having a 
number of bores therethrough to a bone with a corresponding 
number of bone screws wherein each of the screws have a 

10 headed portion and an elongated shaft extending therefrom 

defining a first diameter non-threaded portion adjacent the 
head portion and a second larger diameter bone engaging 
threaded portion remote from the head portion, comprises the 
steps of: (1) forming a number of annular collars constructed 

15 of a shape memory alloy to have a final inner diameter less 
than the second diameter while the crystal structure of said 
alloy is in the austenite phase, (2) cooling the collars 
sufficiently so that the crystal structure of the alloy 
shifts to the martensite phase, (3) increasing the inner 

20 diameter of each of the annular collars while maintaining the 
collars in the martensite phase to permit passage 
therethrough of an elongated bone screw shaft, (4) mounting 
the fixation plate to the bone by advancing each of the 
number of bone screws through a corresponding fixation plate 

25 bore, through one of the annular collars and into the bone, 
and (5) heating the number of collars sufficiently to cause 
the inner diameters of the collars to shrink to their final 
diameters thereby trapping the number of collar between the 
head portions and the threaded portions of the corresponding 

30 number of bone screws. 

It is one object of the present invention to provide an 
apparatus for preventing screw backout in a bone plate 
fixation system having a shape memory alloy collar for 
trapping a portion of the screw therein to thereby inhibit 

35 passage of the screw through the collar pos t-operat ively . 
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It is another object of the present invention to provide 
a method of securing a fixation plate to a bone using . 
Plurality of shape memory alloy collars surrounding a 
corresponding plurality of bone screws advanced through the 
fixation plate. 

It is yet another object of the present invention to 
Provide a system for preventing a bone screw from backing out 
of a bone fixation plate through the use of a shape memory 
alloy collar, wherein the profile of the system is not 
increased by using the collar. 

These and other objects of the present invention will 
become more apparent from the following description of the 
preferred embodiment. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective and partial cross sectional view 
of one embodiment of a fixation plate and screw ant i-backout 
system in accordance with the present invention. 
5 FIG. 2 is a perspective view of the screw anti-backout 

member shown in FIG. 1. 

FIG. 3A is a front elevational view of one embodiment of 
the head portion of a fastener for use with a fixation plate 
and screw anti-backout system of the present invent ion . 
10 FIG. 3B is a front elevational view of another embodiment 

of the head portion of a fastener for use with a fixation 
plate and screw anti-backout system of the present invention. 

FIG. 3C is a front elevational view of a further 
embodiment of the head portion of a fastener for use with a 
15 fixation plate and screw anti-backout system of the present 
invention . 

FIG. 4A is a front elevational view of one embodiment of 
the shaft portion of a fastener for use with a fixation plate 
and screw anti-backout system of the present invention. 
20 FIG. 4B is a front elevational view of an alternate 

embodiment of the shaft portion of a fastener for use with a 
fixation plate and screw anti-backout system of the present 
invention . 

FIG. 4C is a front elevational view of another alternate 
25 embodiment of the shaft portion of a fastener for use with a 
fixation plate and screw anti-backout system of the present 
invention. 

FIG. 5A is a side elevational and partial cross sectional 
view of the fixation plate and screw anti-backout member 
30 assembly of FIG. 1, showing the use of a tapered instrument 
to increase the inner diameter of the screw anti-backout 
member . 
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e " ltn tne Present invention. 
alt .™: ' " 8 """"Actional view of still another 
alternate e m oooi me „t of a fiction plate and screw 
antr- b ac k o ut system in ^ ^ ^ ~ 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
language will be used to describe the same. It will 
nevertheless be understood that no limitation of the scope of 
the invention is thereby intended, such alterations and 
further modifications in the illustrated device, and such 
further applications of the principles of the invention as 
illustrated therein being contemplated as would normally 
occur to one skilled in the art to which the invention 
relates . 

Referring now to FIG. 1, one embodiment of a fixation 
plate and screw anti-backout system 10, in accordance with 
the present invention, is shown. Fixation plate 12 has a 
bore 18 therethrough which is sized to slidingly receive a 
fastening element therein to thereby secure the fixation 
plate to its intended surface. Preferably, fixation plate 12 
is a spinal fixation plate, although the present invention 
contemplates that fixation plate 12 may include any type of 
fixation plate used to reinforce a bone, join two or more 
bones, or provide an anchoring location at a specified bone 
location . 

System 10 further includes a fastening element 14 having 
an enlarged headed portion 20 and an elongated shaft portion 
22 extending therefrom. The elongated shaft 22 of fastening 
element 14 is slidingly received within bore 18 of fixation 
plate 12 such that the enlarged headed portion 20 rests 
against the top portion 24 of bore 18 adjacent the top 
surface 15 of fixation plate 12. Enlarged head portion 20 of 
fastening element 14 is sized large enough so that it cannot 
pass through the smaller sized bore 18, and is preferably 
configured so that it seats within the top portion 24 of bore 
18. As shown in FIG. 1, top portion 24 of bore 18 is 
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preferably recessed from top surface 15 ef fiction pnte 12 

. senu-crrcular shape to facilitate the seating of head 
portron 20 of fastening element 14 therein 

bone engagrng threads 25 defined along at le ast a portion of 
elongated shaft 22. Bone screw u further has a cyiin 
drfcally-shaped head 20 with rounded edges 21. Preferably 
rounded edges 21 and top portion 24 of bore 18 are 
compl.ment.rily configured to facilitate seating contact 
therebetween. Although fastening element 14 is, in a 
Preferred embodiment, a bone screw as shown in FIG 1 the 
Present invention contemplates the use of other bone engaging 
screw embodiments for use in securing fiction piate 711 

For example , referrlng t0 FIG . 3A _ the 

of fastenrn, element 14 may be configured as a flat head 
screw 90 having . substantiany fm sur£ace ^ ^ead 

frusto- conic.lly shaped sidewalls 94. with such a 
configuration top portion 24 of bore 18 shou!d be similarly 
frusto-conrcally shaped so that the headed portion 60 can be 

us " r^ therei " " Uh t0P S " fa « » th — 
flush wrth top surface 15 of fiction p la te 12 PeferriL 

further be confrgured as ,„ eye-bolt head 100 having a 
ubs antialiy circular ring 102 . Pinally , re£emng 9 ' 
3C headed portron 20 of fastening element 14 may further be 
confrgured as . headed portion no of a variable angle 

n L"des Headea POrti ° n U0 ° f " e '"""e-angie screw 
includes a palr of sides U2a and 112b which form a u-shaoe, 
Passage U4 therebetween. One side of head portion U ? 
defines a serres of radially extending teeth or S pl ines U6 
»h.ch are formed to interdigitate with splines on a 
corresponding component (not shown,. A „ example of such a 

5.261.909 to sutterlin et a!., the contents of which are 
incorporated herein by reference. 
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Referring again to FIG. 1, a portion of elongated shaft 
22 of fastening element 14 preferably includes bone-engaging 
threads 25. An example of one such elongated shaft 120 is 
shown in FIG. 4A. Shaft 120 includes bone-engaging threads 
5 122, and terminates in a pointed (self -tapping ) end 124. An 
example of another elongated shaft 130 is shown in FIG. 4B. 
Shaft 130 includes threads 132, and terminates in a flat end 
134. Finally, a further embodiment of elongated shaft 140 is 
shown in FIG. 4C. Shaft 140 may terminate in a flat end 142, 

10 or may have a pointed (self-tapping) end 144 as shown in 

phantom. A portion 146 of elongated shaft 140, between head 
portion (not shown) and end portion 142 or . 144, is not 
threaded. Threaded portion 148 is included below 
non-threaded portion 146 and is remote from the head portion 

15 (not shown). Although the elongated shaft embodiments shown 
in FIGS. 4A-4C are preferably used in a bone fixation system, 
any of the threaded shaft embodiments shown therein may be 
provided with any number of threads per inch (TPI) to meet a 
desired bone engaging need. 

20 Referring again to FIG. 1, regardless of the type of 

fastening element 14 used, elongated shaft 22 preferably 
includes a reduced diameter non-threaded portion 42 between 
head portion 20 and the threaded portion 25 of shaft 22. 
Although shaft portion 22 need not have a reduced diameter 

25 portion 42 to be operable in system 10, the diameter of 

portion 42 is reduced in a preferred embodiment to optimize 
the screw anti-backout feature as will be more fully 
described hereinafter. 

Referring now to FIGS. 1 and 2, system 10 further 

30 includes an annular ring 16 having a bore 45 therethrough 
defining an inner annular surface 40 having a diameter 44. 
Collar 16 further has an outer annular surface 34. Inner and 
outer annular surfaces 40 and 34, respectively, terminate at 
a top end 36 and an opposite bottom end 32. A flange 30 

35 extends radially from outer surface 34 adjacent bottom end 32 
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put. l r r ,ace 38 for en9agin5 a •< """on 

surface 34 ' e " endS £r0r " fUn ' e 3 ° «- outer 

- t o^::t:::^: ^ a :3::T::J::-^;::r- i - - • — 

street, it must be a cmi-anin« 

suD D ected to a certain temperature condition and t-hon u 
its structure into the so-call^ - Change 

u cne so-called martensite phase whpn t-h Q 
temperature of the alloy is sufficiently lowered In 
Providing a shape memory alloy component the ! 
first anneaipfl . <- um P°nent, the component is 

annealed to a specified shape by tradiUnn.i 
Th*a aiim, • y cr aaitional means. 

r^i ~ =x-- 

transition temnprafnm T y^ase 
ene W lBt0 T „ c R " " oon.erta heat 

The shape memory alloy of rnii ar 
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transitional temperature at which the phase transition occurs 
can be controlled by specifying the exact nickel to titanium 
ratio. In a preferred embodiment of annular collar 16, the 
nickel-titanium ratio is chosen to provide an austenite 
transition temperature of approximately 42°C and a martehsite 
transition temperature of approximately 10°C. However, the 
present invention contemplates other nickel-titanium ratios 
to provide desired austenite and martensite phase transition 
temperatures. It is to be understood that different 
applications of fixation plate and screw anti-backout systems 
described herein will require different phase transition 
temperatures, and that the present invention contemplates any 
nickel-titanium ratio required to meet such specific 
applications. The present invention further contemplates the 
use of other known shape memory alloys for use in 
constructing annular collar 16. An example of one such alloy 
is an iron-based alloy including various percentages by 
weight of manganese, silicon, and chromium. 

According to a preferred approach in constructing annular 
collar 16, collar 16 is first deformed while in the austenite 
phase crystalline configuration such that inner annular 
surface 40 has a diameter 44 less than the diameter of 
reduced diameter portion 42 of fastener element 14. Collar 
16 is then cooled until the martensite transformation 
occurs. While maintaining collar 16 below the shape 
transition temperature, collar 16 may be deformed to increase 
the inner diameter thereof. 

Referring now to FIG. 5A, bore 18 of fixation plate 12 is 
sized to slidingly receive the outer surface 34 of collar 16 
therein such that the top portion 36 of collar 16 is adjacent 
top portion 24 of bore 18. Preferably, although not 
necessarily, fixation plate 12 includes a recess 28 about 
bore 18 having a depth approximately equal to the' thickness 
31 of flange 30. Advantageously, recess 28 permits the 
bottom portion 32 of collar 16 to be flush with the bottom 
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!0 



portion 13 of fixation plat x 

of fixation plate locking s ys te/lO i s „o t " """^ 
the use of collar 16 " sys ten) 10 is not increased due to 

"open up« collL 16 f lnStrUment 50 - P-vided to 

5 shaft 2 0 r e nq I/ 35 " 96 ° f elongated 

first end 52 ^TnT.T ^ 1 " t "~» t 50 - • 

diameter 44 of con.r 16 T SU9htly l6SS than in - r 

50 increases at a ng STt " °' ^ 

increasing distances from end 52 

eDy aef orrning, or spreading open, collar i« ► „ • • • 
inner diameter such that- f ho \ ° a " lnifc ial 

advancempnf ♦., • facilitate the 

ancement of taper instrument 50 into collar i « ,. „ 
sufficiently spread ooen i-ho • fc ° tneret >y 

the walls of hore 18 may " *° ° f COll « 

taper of instrum n t 5" The T to the 

in a direction to^the^ T^p"~ " 
to retain collar lfi w^k- . 2 furtne r acts 

i. -moved ,1 " b ° re 18 " he " tSP " ' 50 

pre-lo.,,.* • ! 5 " ay - coUar 16 ™V be 

elongated f „ ^T" tha " «• 

received tnere h u ".^/fT" " «» 

-re 45 and int0 j bon r e b r f a :i; he ; r anced 

element 14 is suffi „ i „, ""ted. As fastening 

secured against to " " 2 ° *« 

eo against top portion 21 of bore IB .„rt 

surrounds reduced diameter portion Z off \ " 

I- this position. £ixa l o p a I 5 '?; 1 " 9 elera "' 

secured to the underlying ^IVl^ZlT 

fe a lloy to he a ten lt e h to tr a nsform 

-liar 16 -remern. - S o r"""""""' *» » 

its original oonf iguration, and its 
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inner diameter 44 shrinks in size. The heating step may take 
the form of simply allowing the collar to warm to body 
temperature, or may involve other known methods such as 
inducing electrical currents in collar 16 through the use of 
5 electromagnetic waves, or through the use of a sufficiently 
warm fluid such as water or saline. 

Since the original diameter 44 was less than the diameter 
of reduced diameter portion 42 of fastening element 14, the 
inner surface 40 of collar 16 "grips" reduced diameter 

10 portion 42 to thereby rigidly clamp fastening element. In 
this clamping arrangement embodiment, top surface 38 of 
flange 30 abuts recess 28 of fixation plate 12, and. the 
bottom portion 32 of flange 30 abuts transition surface 26 
located between reduced diameter portion 42 and threaded 

15 portion 25 of fastening element 14. 

Flange 30 of collar 16 thus provides a positive stop for 
collar 16 in the direction of top portion 24 of bore 18. 
Referring to FIG. 5B, this feature may alternatively be 
provided by configuring the inner surface of bore 18* with a 

20 step 17 adjacent top portion 24 1 to thereby abut top 36* of 
collar 16'. With such a configuration, flange 30 is not 
necessary and collar 16' need only be provided with 
sufficient thickness so that its outer diameter will not slip 
past the step 17 when undergoing an austenite phase 

25 transformation. Collar 16 1 is shown in FIG. 5B as assuming a 
characteristic position against bore 18* of fixation plate 
12* after insertion and withdrawal of tapered instrument 50. 

The reduced diameter portion 42 of fastening element 14 
optimizes fixation plate clamping system 10 by ensuring that 

30 locking clamp 16, once reduced in diameter, will not slip 
toward threads 25. However, the present invention 
contemplates that the gripping force of locking clamp 16, in 
many applications, will provide sufficient clamping force so 
that fastening element 14 need not include a reduced diameter 

35 portion 42 and transition surface 26. Regardless of its 

diameter, portion 42 of shaft 22 should be non-threaded to 
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with respect to FIG. 1. A substantial portion of bore 158 
has a first diameter 164. In its bottom surface 156, plate 
152 defines a recess 162 about bore 158. In its top surface 
154, plate 152 defines another recess 160 about bore 158. 
5 Each of recesses 160 and 162 intersect bore 158 and have 
diameters larger than bore diameter 164. 

An annular collar 170, identical in function to collar 
16, is positioned within bore 158. Collar 170 defines a 
variable diameter bore 172 therethrough identical in 
10 operation to bore 18 of collar 16. Collar 170 further has a 
first flange 174 extending radially away from collar outer 
surface 165 adjacent the bottom 176 thereof, and a second 
flange 176 extending radially away from outer surface 165 
adjacent the top 180 thereof. The top surface 182 of bore 
15 172 is recessed, similar to top surface 24 of bore 18 

described with respect to FIG. 1, to facilitate the seating 
of head portion 20 of fastening element 14 therein. Although 
not shown in FIG. 6, collar 170 further includes a 
longitudinal channel therethrough similar to channel 35 of 
20 collar 16. 

Operationally, collar 170 may be pre-loaded into bore 158 
by pinching the outer surface 165 thereof with suitable means 
so that the channel (not shown) width decreases. As a 
result, the outer diameter of collar 170 may be made to 
25 shrink sufficiently to permit either of flanges 174 or 178 to 
pass through the first diameter 164 portion of bore 158. 
Collar 170 may thus be top-loaded (from top surface 154 of 
plate 152) or bottom-loaded (from bottom surface 156 of plate 
152) into bore 158 such that flanges 176 and 178 cooperate 
30 with recesses 162 and 160 respectively to maintain collar 170 
in position within bore 158 as shown in FIG. 6. 

Referring now to FIG. 7, yet another embodiment of a 
fixation plate and screw anti-backout system 200, in 
accordance with the present invention, is shown. System 200 
35 includes a fixation plate 202 having a top surface 204 and an 
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opposite bottom surface 2ns *■ 
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In function and operation, collars 170 and 220 are 
identical to collar 16. As illustrated in FIGS. 6 and 7, 
however, the present invention contemplates that the screw 
anti-backout collar 16, 16', 170 and 220) may be variously 
5 configured to facilitate the retention of the collar within 
the corresponding fixation plate bore prior to positioning 
and securing the plate within a patient. Those skilled in 
the art will recognize that other such collar and fixation 
plate bore configurations may be designed to provide this 
10 feature, it being understood that such alternate 

configurations are contemplated by the present invention and 
therefore fall within the spirit of the concepts described 
herein. 

Any of collars 16, 16', 170 and 220 may further be formed 

15 of a material that is responsive to a change in temperature 
to expand in thickness, such as in response to heat. Thus, 
in response to an increase in temperature, the collar inner 
diameter "shrinks 0 due to expansion of the collar thickness. 
Advantageously, the outer diameter correspondingly grows so 

20 as to decrease any play between the bore of the fixation 
plate and the outer surface of the collar. Such a heat 
expandable material may include, for example, an epoxy, 
elastomer or other "curable" material, or any of a variety of 
heat-expandable rigid materials. 

25 While the invention has been illustrated and described in 

detail in the drawings and foregoing description, the same is 
to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred 
embodiment has been shown and described and that all changes 

30 and modifications that come within the spirit of the 
invention are desired to be protected. 
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What is claimed i s: 

»' b0 „e apparatus 
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5. The bone fixation apparatus of claim 2 wherein said 
annular collar transforms from a martensite phase to an 
austenite phase as the temperature thereof is increased above 
a phase transformation temperature. 

5 6. The bone fixation apparatus of claim 5 wherein the 

bone being fixated includes a portion of the spine. 

7. The bone fixation apparatus of claim 1 wherein said 
annular collar has an outer surface opposite said inner 
diameter, said outer surface of said collar having a first 

10 flange extending radially therefrom, said collar thereby 

trapping said fixation plate between said head portion and 
said flange. 

8. The bone fixation apparatus of claim 7 wherein said 
fixation plate bore defines a longitudinal axis from said top 

15 surface of said plate to said bottom surface of said plate; 
and wherein said first flange contacts said bottom 
surface of said plate to thereby inhibit movement of said 
collar along said longitudinal axis in a direction toward 
said top surface of said plate. 

20 9. The bone fixation apparatus of claim 8 wherein said 

collar has a top end and an opposite bottom end, said first 
flange extending radially away from said outer surface 
thereof adjacent said bottom end thereof; 

and wherein said bore of said fixation plate is 

25 configured to receive said outer surface of said collar 

therein such that said first flange abuts said bottom surface 
of said fixation plate. 
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14. The bone fixation apparatus of claim 1 wherein said 
collar has a top end and an opposite bottom end; 

and wherein said fixation plate bore includes a stepped 
portion, said top end of said collar contacting said stepped 
5 portion of said fixation plate bore to thereby inhibit 
movement of said collar in a direction toward said top 
surface of said plate. 

15. In combination with a fixation system including a 
fixation member having a top surface, a bottom surface and a 
bore defined therethrough, and a fastener having an elongated 
shaft and a headed portion engaging the bore at the top 
surface of the fixation member when the shaft extends 
therethrough, an apparatus for preventing the fastener from 
backing out of the fixation member bore comprising: 

an annular collar having an initial inner diameter 
deformably sizable to slidingly receive the elongated shaft 
therethrough, said collar being formed of a material such 
that said inner diameter shrinks to a final diameter in 
response to a change in temperature thereof to thereby 
prevent the fastener from backing out of the fixation member 
bore, said collar having an outer diameter sized to engage 
the bottom surface of the fixation member. 

16. The combination of claim 15 wherein the fastener 
includes a first diameter non-threaded portion adjacent the 

25 headed portion and a second larger diameter threaded portion 
remote from the headed portion. 

17. The combination of claim 16 wherein said final 
diameter of said collar is less than said second diameter 
threaded portion to thereby trap the fixation member between 

30 said collar and the headed portion of the fastener. 
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18. The combination of claim 16 wherein said final 

r: ;i a :i d sai v° iiar is iess than said — 

non threaded portion to thereby rigidly clamp said 
non-threaded portion of the fastener. 

-terial ^"f 1 """ 0f cl.i. 15 wherein said collar 
material is a shape memory alloy. 

memor''allo he ° f Claim 19 herein said shape 

memory alloy is a nickel-titanium alloy. 

21. The combination of claim 15 wherein said outer 

22. The combination of claim 21 wherein the fixation 
member define » fixation 

thereof to the h l** 9 ""*™ 1 ^ fr ™ the top surface 
nereof to the bottom surface thereof; 

and wherein said flange contacts the fixation 
thereby inhibit movement of th. flxatl °n "ember to 
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(1) forming a number of annular collars constructed of a 
shape memory alloy to have a final inner diameter less than 
the second diameter while the crystal structure of said alloy 
is in the austenite phase; 

(2) cooling said collars sufficiently so that the crystal 
structure of said alloy shifts to the martensite phase; 

(3) increasing the inner diameter of each of said annular 
collars while maintaining said collars in the martensite 
phase to permit passage therethrough of an elongated bone 
screw shaft; 

(4) mounting the fixation plate to the bone by advancing 
each of the number of bone screws through a corresponding 
fixation plate bore, through one of said annular collars and 
into the bone; and 

(5) heating said number of collars sufficiently to cause 
said inner diameters of said collars to shrink to their final 
diameters thereby trapping the number of collars between the 
head portions and the threaded portions of the corresponding 
number of bone screws. 

24. The method of claim 23 wherein step (1) further 
includes forming said number of annular collars to have a 
final inner diameter less than the first diameter of the 
non-threaded portion of the bone screws. 

25. The method of claim 23 wherein the heating of said 
number of collars is carried out by inducing electrical 
currents therein via electromagnetic waves. 

26. The method of claim 23 wherein said shape memory 
alloy is a nickel-titanium alloy. 
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